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Flight Test Configuration
The flight test configuration consists of the PFTF attached to the centerline pylon of an F-15B airplane.
An adapter is used to connect the CDE to the PFTF force balance. To verify the design and operation of the PFTF, its components, and its predicted effect on aircraft performance and handling, envelope expansion flights have been performed with the CDE installed. airplane also is equipped with a noseboom to measure angle of attack, angle of sideslip, total pressure, and static pressure and has an instrumentation pallet in the aircraft ammunition bay that contains data recording and telemetering equipment.
The Propulsion Flight Test Fixture and Cone Drag Experiment
The PFTF was attached to the centerline pylon of the F-15B airplane using procedures similar to those used in attaching a centerline tank. The PFTF main structure is manufactured from a single piece of 6061 aluminum 
Flight Test Approach and Results
A five-flight envelope expansion program has been conducted with the PFTF and CDE installed. Figure 7 shows the PFTF design envelope and test points flown. . 8(a) For the last flight of the PFTF, an access-to-space trajectory for a generic air-breathing vehicle ( fig. 9) section presents only force results obtained from the force balance in the axial direction. The axial aerodynamic forces were caused by air pressures on the force-balance doubler plate, the adapter, the attachment collars and bars, and the coned tube. Two conical nose sections (20-and 30-deg half-angle) were flight-tested to qualitatively assess the differential accuracy of the force balance. Quantitative assessments of the repeatability are presented, but are somewhat limited because of constraints of the flight test program.
Axial force measurements from the force balance were calculated by subtracting inertial loads in the axial direction from the measured force in the axial direction,
Fx, as shown in the following equation:
where ax is the acceleration in the axial direction of the force balance and W is the weight of the CDE and adapter hardware on the live side of the balance (340 lb). The coefficient of axial force, CA, is defined using the cross-sectional area of the coned tube as the reference area and the free-stream dynamic pressure.
Repeatability
of the force-balance axial force measurements can be seen in figure 10 , which shows data from three low-altitude acceleration maneuvers at subsonic conditions from two flights. In all cases, the 20-deg half-angle cone tip was installed and the airplane was at approximately 2100-ft pressure altitude and at similar mass properties and throttle settings. The maximum axial force measured in these maneuvers was approximately 375 lbf, and the repeatability was excellent. The top plot shows scatter within ± 15 lbf, which equates to ±0.75-percent of the full-scale drag measurement capability of ± 2000 lbf. The CA plot shows the scatter in the data is roughly ± 6 percent. 
Flow Visualization
To ensure reasonably smooth flow around the PFTF and identify any flow anomalies, wool tufts were installed on one side of the PFTF and CDE. Two video cameras, one on the fore and one on the aft left missile rail, also were used. Figure 16 shows a frame from the fore camera.
The Flight test to Mach numbers as great as 2.0 and dynamic pressure of 1120 lbf/ft 2 was performed. All flights were performed with no significant handling qualities or flutter concerns.
Axial force measurements of the CDE were presented and discussed.
The force balance proved to be operationally robust for the flight environment and showed excellent repeatability in the axial direction. 
